Lead poisoning has been known as an important disorder that affects individuals through acute, sub-acute and chronic exposure in environmental and occupational settings. This study was conducted to compare the curative role of garlic combined with silymarin versus dimercaptosuccinic acid (DMSA) in decreasing lead induced nephrotoxicity in adult male albino rats. The period of lead intoxication extended for 3 months followed by either 1 month treatment with garlic and silymarin or 5 days treatment with DMSA. Lead poisoning caused non-significant difference in kidney function tests (BUN and serum creatinine) while, it caused significant elevation in kidney lead level, significant decrease in renal antioxidant enzyme glutathione peroxidase and significant elevation in kidney malondialdehyde. Histologically, lead induced disorganization and shrinkage of glomeruli with sloughing and vaculation of epithelium, widening of Bowman's space and inflammatory infiltration in renal medulla. Treatment by garlic extract combined with silymarin as well as treatment with DMSA resulted in significant improvement in the affected parameters. Also, both methods of treatment resulted in improvement of the histopathological changes. It can be concluded that garlic extract combined to silymarin is comparable to DMSA in amelioration of lead induced nephrotoxicity.
Introduction
Lead (Pb) toxicity is probably the most common form of heavy metal intoxication. It is well-documented as one of the most dangerous and insidious poisons [1] . Chronic lead poisoning is responsible for renal failure in experimental animals [2] .
The currently approved treatment for lead poisoning is to administer chelating agents that form an insoluble complex with lead and remove it from lead burdened tissue [3] . Meso-2,3-dimercaptosuccinic acid (DMSA) is a sulfhydrylcontaining, water-soluble, metal chelator. It is non-toxic and administered orally. It has been in use as an antidote to heavy metal toxicity since the 1950s. Recent clinical use and research establishes this compound as the premier metal chelation compound, based on oral dosing, urinary excretion, and its safety characteristics compared to other chelating substances [4] . A positive correlation has been established between dietary supplementation with certain vegetables and plants and the reduction of toxic effects of various toxicants and environmental agents, including heavy metals [5] .
Garlic is one of the plants necessary in everyday life from the past until now. It contains active compounds that are responsible for its effect on almost every part of the human body. Garlic is considered an excellent tonic for the human. It has antioxidant, anti-thrombotic, hypo-cholesterolemic and anti-hypertensive properties [6] . The bulb of the plant has been used as a carminative, anti-septic, expectorant, anti-helmintic and diuretic [7] . Sulfur-containing amino acids like, cysteine in garlic have already been reported for their chemo-prophylactic use in lead poisoning [8] .
Silymarin is a drug that has been used for many years in alternate and modern medicine for treating hepatic diseases. Its antioxidant, anti-inflammatory and antiapoptotic effects make it an interesting herbal medicine, and these properties have implicated this compound as a potential reno-protective agent [9] . Because of the antioxidant activity and radical scavenging effect of silymarin, it has cyto-protection activities. The mechanisms of silymarin protection are most probably due to blockade and adjustment of cell transporters, P-glycoprotein, estrogenic and nuclear receptors [10] .
The aim of this study was to compare the role of a combination of garlic extract and silymarin versus DMSA in decreasing lead induced nephropathy in adult albino rats.
Materials and methods
This study is a part of a research project funded by the Project Management of Zagazig University.
Chemicals
( 
Animals
Seventy adult male albino rats of average weight between 180 and 200 g were obtained from the animal house of Faculty of Medicine, Zagazig University. Before commencing experimentation, the animals were subjected to 10 days period of passive prelimination in order to adapt themselves to their new environment, to ascertain their physical wellbeing and to exclude diseased animals. Food was offered in equal amounts to all rats in each cage, water was offered in separate clean containers.
The present study was conducted in accordance with the international guidelines for animal research and after the approval of the Institutional Review Board on animal research at Faculty of Medicine -Zagazig University -Egypt (study number 2009/16-3-2014).
Study protocol
Rats were randomly divided into seven experimental groups:
Group I (negative control group): 10 rats received water and food to measure the basic parameters for 4 months. Group II (positive control group): 10 rats, each rat received 1 ml saline orally per day 6 days/week for 4 months. Group III (GS): 10 rats, each received 20 mg/kg/ day of garlic in 1 ml saline [11] and silymarin 1000 mg/kg/day (1/10 LD50) in 1 ml saline [12] orally by gavage 6 days/week for 1 month. Group IV (DMSA): 10 rats, each received DMSA in a dose of 30 mg/kg (therapeutic dose) dissolved in 1 ml saline once daily orally by gavage for 5 days [13] . Group V (Pb): 10 rats, each received lead acetate in a dose of 20 mg/kg/day orally in 1 ml saline 6 days/week for 3 months [14] . Group VI (Pb-GS): 10 rats, each received Pb acetate for 3 months followed by 20 mg/kg/ day of garlic in 1 ml saline and 1000 mg/kg/day of silymarin in 1 ml saline for another 1 month. Group VII (Pb-DMSA): 10 rats, each received Pb acetate for 3 months followed by 30 mg/kg/ day DMSA dissolved in 1 ml saline for five days.
Methods

Plant material
The experimental plants (garlic and Silybum marianum) were collected from Al-Kasassin Experimental Farm, Horticulture Research Station, Ismailia Governorate and the soil was sandy and the plants were irrigated from AL-Abbasah canal which is a branch from Nile water.
Preparation of the plant extract
Garlic and silymarin extracts were freshly prepared weekly
• Garlic: 200 mg of fresh peeled garlic cloves were weighted by sensitive balance then homogenized with 10 ml of distillated water to prepare a concentration of 20 mg/ml. The homogenate was centrifuged at 3000 × g for 10 min to remove particulate matter and the supernatant fraction was used for the experiment [11] .
• Silymarin: fine powder of seeds of milk thistle was made in a blender. Defatting the seed powder of Silybum marianum in n-hexane 2-3 times and extracted with aqueous acetone. The extract was concentrated to remove acetone by using a rotary evaporator, and then washed by hexane again to remove hydrophobic impurities. The remaining concentrate was treated with 1% NaCl solution to remove water soluble impurities. The precipitate and solid obtained through drying were combined together to form crude silymarin. The crude silymarin was washed with aqueous ethanol and then dried completely to give the refined silymarin [15] . Then gas chromatography-mass spectrometry (GC-MS) analysis of the extracts was performed. The Chromatographic column used was TR. 35 MS column (30 m × 0.25 mm × 0.25 m). Helium was used as carrier gas at a flow of 1.5 ml/min. Temperature programming: the column temperature was maintained at 50 • C for 1 min, and then raised to 280 • C with a rate of 20 • C/min. The mass spectrometer was operated in electron impact (EI) ionization mode with electron energy of 70 eV and temperature 280 • C. The transfer line temperature was 200 • C and the programmed temperature variance was splitless. Mass list range was 50-500 amu (Fig. 1 ).
Biochemical study
Twenty-four hours after the end of treatment in each group animals were sacrificed and venous blood samples were obtained from the retro-orbital plexus of anaesthetized animals, the blood was left for spontaneous coagulation and serum was separated for estimation of kidney function tests (blood urea nitrogen (BUN) and serum creatinine) using Biomerieux France kit by enzymatic colorimetic method [16] .
Kidney examination
After sacrifice, both kidneys of each rat were divided into parts, one part weighed 500 mg was wrapped with aluminum foil and embedded in liquid nitrogen for 1 h then kept frozen in −80 • C till used to asses lead concentration in tissues by the graphite furnace atomic absorption spectrophotometry [17] . Another part was fixed in 10% formalin saline solution for histopathological examination after staining with haematoxylin and eosin according to Bancroft and Stevens [18] .
Part of renal tissue was perfused in 0.9% NaCl containing 0.16 mg/ml heparin. Tissue was washed and minced in ice-cold 0.25 M sucrose, then homogenized, diluted and centrifuged at 4000 × g and 4 • C for 2 min. The supernatant was used to measure glutathione peroxidase (GPX) activity following Paglia and Valentine according to the pamphlet of Bio-diagnostic kits using calorimetric method [19] .
Renal tissue was perfused with a phosphate buffered saline solution, pH 7.4 containing 0.16 mg/ml heparin to remove any red blood cells and clots, homogenized in 5-10 ml cold buffered per gram tissue then centrifuged at 4000 × g for 15 min. The supernatant is used for measuring malondialdehyde (MDA) using Bio-diagnostic kits of colorimetric method according to Satoh [20] .
The collected data of kidney function tests, kidney lead level and renal antioxidant parameters were expressed as mean ± SD. The statistical analysis was done using ANOVA and student's t tests of Epi-info statistical package program version 6.04d, January 2001. Correlation coefficient was done by Excel-Office 2007.
Results
Death rate
Two rats died in group V (Pb), one rat in group VI (Pb-GS) and one rat in group VII (Pb-DMSA).
Biochemical results
As shown in Table 1 , there were no significant differences in all of the measured parameters {the kidney function tests (BUN and serum creatinine), kidney lead level and renal antioxidant parameters (GPX & MDA)} among control groups I (negative control), II (positive control), III (GS) and IV (DMSA) so the values of group II (positive control) was used for comparison with other groups of the study (P > 0.05).
Kidney function tests (BUN, serum creatinine)
There was no significant difference in the kidney function tests (BUN and serum creatinine) among groups II (positive control), V (Pb), VI (Pb-GS) and VII (Pb-DMSA) by (ANOVA) study (Table 2) . Table 2 shows a significant difference in kidney lead level among groups II (positive control), V (Pb), VI (Pb-GS) and VII (Pb-DMSA) by (ANOVA) study (P < 0.05).
Kidney lead level results
The Least significant difference in Table 3 revealed that kidney lead level in group II (positive control group) is significantly lower than that of group V (Pb), VI (Pb-GS) and VII (Pb-DMSA), also there was a significant reduction in kidney lead level after treatment with both garlic and silymarin (group VI) and DMSA (group VII) while there was a non-significant difference between group VI (Pb-GS) and group VII (Pb-DMSA).
Renal anti-oxidant parameters
In Table 2 , there was a significant difference in (GPX) and (MDA) among groups II (positive control), V (Pb), VI (Pb-GS) and VII (Pb-DMSA) by (ANOVA) study (P < 0.05).
The least significant difference for GPX revealed that there was a significant decrease in GPX in lead treated group (Pb) when compared to the positive control group while treatment with both garlic combined with silymarin (Pb-GS) and DMSA (Pb-DMSA) caused significant elevation in GPX when compared to lead treated group. There was non-significant difference when comparing DMSA treated group (Pb-DMSA) to positive control group and garlic and silymarin treated group (Pb-GS) while still there was a significant difference between (Pb-GS) and positive control group (Table 4) . Table 5 showed that the least significant difference for MDA revealed a significant elevation in lead group (Pb) when compared to the positive control group. Treatment with combined garlic and silymarin (Pb-GS) and DMSA (Pb-DMSA) caused significant decrease in MDA when Table 3 Least significant difference between group II (positive control), group V (Pb), VI (Pb-GS) and VII (Pb-DMSA) regarding kidney lead level.
Kidney lead level (g/g tissue) Group
Positive Control group (II) n = 10
Pb group (V) n = 8
Pb and GS group (VI) n = 9
Pb and DMSA (VII) n = 9 # Non-significance (P > 0.05 -ANOVA).
Table 5
Least significant difference between groups II (positive control), V (Pb), VI (Pb-GS) and VII (Pb-DMSA) regarding renal malondialdehyde (MDA).
MDA (nmol/g tissue) Group
Positive control group (II) n = 10
Pb and DMSA group (VII) n = 9
Mean ± SD 0.464 ± 0. compared to lead treated group to reach a non-significant change when compared to the positive control group. There was a non-significant difference when comparing (Pb-GS) and (Pb-DMSA).
There was a strong negative correlation between kidney lead level and GPX and a strong positive correlation between kidney lead level and MDA (Table 6 ).
Histo-pathological observations
Group I (negative control), II (positive control group), III (GS) and IV (DMSA) showed the normal kidney structure. The cortex showed normal renal corpuscles formed of a tuft of capillaries (glomerulus) surrounded by narrow Bowman's space, renal convoluted tubules are lined by cuboidal epithelium. The proximal tubules have narrow Lumina while distal tubules show wide Lumina ( Fig. 2A and  B) .
Lead treated group (V) showed disorganization of the glomeruli with sloughing of the epithelium and a widening of Bowman's space (Fig. 3A) . The glomerular epithelium Table 6 Correlation co-efficient between kidney lead level and oxidative stress parameters (glutathione peroxidase (GPX) and malondialdehyde (MDA) using Pearson correlation. showed vaculation and some glomeruli showed shrinkage (Fig. 3B) . There was inflammatory infiltration in the renal medulla (Fig. 3C) . Treatment with garlic and silymarin in group (VI) resulted in improvement in the histopathological changes and recovery of some glomeruli (Fig. 4A) and decrease in the inflammatory infiltration in the medulla (Fig. 4B) .
Also treatment with DMSA in group (VII) has resulted in improvement in the histopathological changes. There was slight congestion and widening of Bowman's space (Fig. 5A) . The tubules were normally lined by cuboidal epithelium with minimal inflammatory infiltration (Fig. 5B) .
Discussion
Lead is a common environmental pollutant known to induce chronic renal disease as urinary elimination is the main route of lead excretion [21] .
In the present study lead acetate administered to rats in a dose of 20 mg/kg/day for 3 months produced a significant elevation of kidney lead level, a significant decrease in GPX and significant increase in MDA when compared to the positive control group. The absorbed Pb is conjugated in the liver and passed to the kidney, where a small quantity is excreted in urine and the rest accumulates in various body organs and affects many biological activities at the molecular, cellular and intracellular levels and this explains the cause of significant elevation of kidney lead level in lead treated rats [22] .
The decreased activity of GPX due to lead exposure was reported in both human [23] , and animal studies [24] ; since lead exposure is a well-known stimulant of ROS production and it induces a reduction in free radical scavenging enzymes and glutathione [25] . Also, Khan et al. found that lead exposed workers showed a significantly increased serum MDA levels over control which indicated an involvement of oxidative stress in the pathogenesis of lead toxicity [26] . In addition, the current work proved a strong correlation between kidney lead level and antioxidant parameters (GPX and MDA) which was reported previously by Ergurhan-Ilhan et al. [27] .
The kidney is particularly susceptible to the leadinduced oxidative stress and inflammation due to high concentration and the relatively long residence time of lead in the renal tubular epithelial cells [28] . In the current study, the lead-treated group of animals (V) showed disorganization of the glomeruli with sloughing of the epithelium and widening of Bowman's space. The glomerular epithelium showed vaculation and some glomeruli showed shrinkage. There was inflammatory infiltration in the renal medulla. These data are in accordance with Deveci et al. who reported that chronic lead toxicity induced varying degree of damaged glomeruli and degenerated proximal tubules confirming that lead causes tubulointerstitial nephritis [29] . The congestion, inflammatory infiltration and atrophied glomeruli in lead acetate treated rats were also reported by Sujatha et al. who explained these histopathological changes by the binding of lead to sulfhydryl groups of essential enzymes of cellular metabolism [30] .
Despite the reported effects of lead exposure on kidney lead level, anti-oxidant parameters and histopathology of the kidney, there was no significant effect on the kidney function tests in accordance with Missoun et al. [31] . Meanwhile, Karamala et al. reported significant increase in serum creatinine in a dose dependent manner due to higher dose used resulting in severe renal parenchymal damage with impaired glomerular filtration [32] . In the present study, treatment of lead intoxicated rats with garlic combined to silymarin resulted in a significant decrease in kidney lead level, partial recovery in GPX level and complete improvement in MDA level. Recovery of some glomeruli and decrease in the congestion and inflammatory infiltration in the medulla was also detected. Senapati et al. reported that the efficiency of garlic in reducing kidney lead level was perhaps due to the presence of sulfur-containing compounds. These compounds might have chelated Pb and enhanced its excretion from the body, resulting in reduced Pb accumulation in tissues and blood. In the current study, sulfur containing compounds like allyl trisulphide, trisulphide methyl 2-propenyl, diallyl di and tetrasulphide and disulphide methyl 1 propenylwere actually detected by GC-MS analysis of garlic extract [33] . Shakiba et al. reported that prevention of Pb toxicity by garlic organo-sulfur compounds can be explained by their ability in scavenging of free radical and prevention of GSH depletion [34] . Allicin is a major component of garlic organo-sulfur and its antioxidant properties has been confirmed by many investigations [35] . However, in the current work, the allicin was not detected by GC-MS analysis because allicin itself is an unstable compound and instantly undergoes reactions to form other sulfur derivatives. The presence of disulfides and trisulfides confirms the degradation of allicin [36] . In addition to allicin; other garlic organosulfur compounds, like allyl-triisulfide, also possess antioxidant properties and can neutralize several types of ROS [37] .
Silymarin can result in elevation of glutathione levels through the maintenance of GSH homeostasis in the body [11] . The sulfhydryl group of glutathione can bind lead [38] .
In this work, treatment with DMSA in lead intoxicated rats resulted in a significant reduction in kidney lead level, reversal of both GPX and MDA to the control levels and improvement in the histopathological changes in the form of recovery of some glomeruli and decrease in the congestion and inflammatory infiltration in the medulla. DMSA is a dithiol (containing two sulfhydryl, or S-H, groups) lipidsoluble compound, used for metal chelation. One of the sulfhydryls in DMSA binds to a cysteine residue on albumin, leaving the other S-H available to chelate metals [39] . DMSA for being an antioxidant and a strong lead chelator has been shown to deplete significantly lead from tissues including kidney [13] , and recovery in the oxidative stress [40] . Khalil-Manesh et al. reported that DMSA can improve the renal function and to a lesser degree the pathological alterations induced by lead toxicity. DMSA can improve renal function irrespective of the degree of pathological alterations concluding that the DMSA effect is most likely mediated by hemodynamic changes [41] . Fortunately, in the current study the effect of garlic combined to silymarin in improvement of lead induced nephropathy was comparable to the effect of DMSA, as evidenced by the nonsignificant difference between them in all the measured parameters of the study.
Conclusion
It can be concluded that combined garlic extract and silymarin as well as DMSA can decrease kidney lead level. Also, garlic and silymarin were effective in recovering the level of antioxidant enzymes. But DMSA was more effective in elevating GPX level. Lead causes various histopathological lesions that could be improved by both garlic combined with silymarin and DMSA.
